gl
| BNL-NUREFG-33297

Paper Submitted to the 1983 Annual Meeting of the
American Nuciear Society, San Francisco, California
October 30, - November 4, 1983

Pressure-Vessel-Damage Fluence Reduction by Low-lLeakage Fuel Management*

D. Cokinos
A.L. Aronson BIL-HUREG-~33297
J.F. Carew
P. Kohut DBES3 015521
M. Todosow

BROOKHAVEN NATIONAL LABORATORY

L. Lois

U.S. NUCLEAR REGULATORY COMMISSION

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neitber the United States Government nor any agency thercof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal Liability or responsi-
bility for the accuracy, completeness, or uscfulness of any information, apparatus, product, or
process disclosed, or represents that its use wouid not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise doea not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Goverament or any agency thercof. The views
and opinions of authors expressed hersin do not necessarily state or reflect those of the
United States Government or any agency thereof.

*Work pertormed under the auspices of the U.S. Nuclear Regulatory Commission

MASTER

THSTRIRUTION OF THIS DOCUMENT 1S UNLIMITED

.



Pressure-Vessel-Damage Fluence Reduction by Low-Leakage Fuel Management

As a result of neutron-induced radiation damage to the pressure vessel
and of an increased concern that in a PWR transient the pressure vessel may be
subjected to pressurized thermal shock (PTS),1 detailed analyses have been
undertaken to determine the levels of neutron fluence accumulation at the
pressure vessels of selected PWR's.2 In addition, various methods intended
to limit vessel damage by reducing the vessel fluence have been investigated.
This paper presents results of the fluence analysis and the evaluation of the
low-1eakage fuel management fluence reduction method.

The calculations were performed with DOT-3.53 in an octant of the
core/shield/vessel configuration using a 120x43 (r,e) mesh structure. An
Sg anguiar quadrature and P-3 approximation were used with the RSIC
DLC-37/EPR (100-Group, ENDF/B-IV) cross section library.4 DOT region-wise
cross sections were determined with the ANISN® code. The neutron source was
determined from a time averaged assembly-wise power distribution.

The calculations have been carried out for a Babcock & Wilcox 177-assem-
bly core, a Combustion Engineeering 133-assembly core and a Westinghouse
157-assembly core. The conclusions are qualitatively the same for the three
plants and—on1y the results for the Westinghouse 157-assembly core will be

presented here.
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Since the neutron flux at the inner wall of the pressure vessel is
dominated by the power in the peripheral assemblies, the core neutron source
distribution is conveniently characterized by the ratio of the peripheral to
core average asssembly power, Pp/Pc. In addition to the base case (LL-1)
in which the present core neutron source distribution characterized by a
Pp/PC = 0.89 was used, two Tow leakage cases were calculated; an inter-
mediate low-Teakage case (LL-2) with Pp/Pc = 0.45 and an extreme
low-leakage case (LL-3) with Pp/Pc = 0. For the base case the core
neutron source was derived from a typical operating assembly-wise power
distribution. The source distribution for the intermediate low-leakage case
(LL-2) was derived from the base case by reducing the peripheral power by 50%,
the next innermost row by 10% and increasing the central core power accord-
ingly. In the extreme low-leakage case {LL-3) the peripheral power was taken
to be zero. In this case, the next innermost row of assemblies became
peripheral assemblies and were accordingly reduced in power.

In Figure-1 the reduction in vessel end-of-1ife (EOL) fluence is pre-
sented as a function of peripheral assembly power assuming (a) the low-leakage
configuration is implemented at beginning of vessel life (solid curve} and (b)
the low-leakage configuration is implemented after ~ 7 effective full power
years (EFPY} of operation in a typical (Pp/PC = .89) operating power dis-

tribution (dashed curve).
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The reduction in vessel fluence is accomplished by shifting the core
power distribution away from the periphery and toward the core center, and
results in an increase in the power in the center of the core. Peak power
increases of ~ 20% and ~ 30% will result for the intermeciate and extreme
low-leakage cases, respectively, but it is expected that such peak power
incréases may be reduced substantially by flattening the power in the center
of the core. It should be noted, however, that if the peripheral assembly
power reduction is accomplished by loading twice or thrice burned fuel on the
periphery, the resulting increase in multiplication and hardening of the
spectra will reduce the low-leakage fluence reduction by -~ 0-15%.

In Figure-2 the vessel EOL fluence is given for the two low-leakage
schemes assuming implementation at ~ 7 EFPY. The low-leakage scheme in which
the peripheral power is reduced by a factor of ~2 will result in an ~ 50%
reduction in EOL fluence. In the extreme low-leakage scheme a fluence
reduction by a factor of ~4 can be achieved. While the fluence reductions
obtained are accompanied by some loss in core power peaking margin, it is
concluded that low- leakage fuel management will reduce neutron-induced
radiation damage to the pressure vessel and provides a potential means for

extending vessel life.
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Figure-1 Low Leakage Fuel Management Fluence Reduction
vs. Peripheral Assembly Relative Power For a Hestinghouse
157-Assembly PHR .
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Figure-2 Westinghouse 157-Assembly PUR Relative
Vessel Peak Wall Fluence (PUF) vs, Effective
"Full Power Years (EFPY)



